The present study was conducted to estimate the heritability and genetic correlation of monthly egg production and egg weight of 2 lines White Leghorn hens in single and group cages. A total of 2289 records (line A) and 2596 records (line D) from single cages, 518 and 541 records (for line A and D, respectively) from group cages, were analysed. (Co) variance components of single cage data were analysed using the programme VCE4 applying the REML method and a multiple trait animal model. An EM-algorithm was used to obtain (co) variance components for group cage data. Genetic correlations between single and group cages were analysed using the programme VCE4 based on sire model. Heritability estimates for monthly egg production in single cages ranged from 0. 
Introduction
Genetic parameters of laying hens usually are estimated based on individual observations, for hens housed in single cages. However, in commercial egg production farms, hens are commonly kept in group cages. To avoid genotype and environment interactions between these different housing types, breeding hens can also be tested in group cages. Generally, data derived from group cages are available for several individuals in a group that may not be recorded for each animal but for the entire group. The recording of group performance data might be more efficient, in terms of reducing the time and cost of recording compared to recording individual observations. The magnitude of the genetic correlation between single and group observation is of fundamental importance. Genetic parameters for monthly egg production of laying hens in single cages have been studied for several years (SAADEH et al., 1967; ENGSTROEM et al., 1986; SAVAS, 1998; ANANG et al., 2001 ). In addition, attempts have been done to improve annual egg production based on part records of egg production ( VAN VLECK and DOOLITTLE, 1964; CRAIG et al., 1969; PREISINGER and SAVAS, 1997; AYYAGARI et al., 1983) . The genetic parameters of total egg production of laying hens housed in group cages and their relations with single cages have been reported by KUEHNE (1978) . The statistical method used to estimate heritabilities for group means was the application of a classical model, e.g. using hierarchical sire-dam models based on Henderson's Method 2 (KUEHNE, 1978) . In animal breeding, substantial progress has been achieved in the fields of methodology and computer capacities and programmes. By using multivariate technique of analysis, it is also possible to estimate (co) variance components of single and group cages for several correlated traits simultaneously. Only few studies have been done on genetic parameter of monthly egg production of laying hens estimated based on data available in single as well as in group cages. The present study was carried out to estimate the heritability and genetic correlation between monthly egg production and egg weight of White Leghorn tested in single and group cages.
Materials and Methods

Data structure
Egg production and egg weight data from two commercial lines of White Leghorn hens (line A: male line and line D: female line) tested in single cages as well as in group cages were used. The period of data collection was from 20 to 48 weeks of age. Egg productions was recorded in seven monthly periods, in which each period consisted of 28 days. In the group cage data, the observation unit was the average performance of hens per cage. Only cages, in which all hens survived to 7 months and hens that lay at maximum 30 eggs per period were included in the analyses. In single cage data, hens that laid more than 20 eggs within the 1 st to 7 th period and hens that survived to 7 month were included in the analyses. ; ij r is average of random residual effect. Because offspring of one dam could be found in different cages, the residual effects could be correlated. The components of (co) variance matrix of the residual effect vectors was described in the following formula: Single and group cage data. Genetic correlations between monthly egg production in single and group cages were analysed using a sire model assuming that monthly production in single and group cages were different traits. The estimation of genetic correlations between single and group cage was enabled by the use of common sires. The programme VCE4 (GROENEVELD, 1998) was used to estimate (co) variance components of single and group cage data.
Results
Means and standard deviations
The means of egg production in period 1 to period 7 (EN1-EN7), cumulative egg production (EN1-7) and egg weight at 28 and 33 weeks of age (EW1 and EW2) of lines A and D in single as well as group cages is displayed in Table 1 . In both lines, egg production of hens in single cages tended to be higher than those in group cages. Cumulative egg production in single cages was 165.51 (line A) and 172.10 (line D) and those in group cages 162.84 and 170.25, respectively for line A and line D. From table 1, it can be seen that line D had higher monthly and cumulative egg production compared to line A. This applies to single cages as well as group cages. Egg weight seems to be specific for each line, with line D producing heavier eggs than line A. 
Genetic parameters
Estimates of heritability in single and group cages are presented in Table 2 . Compared to group cage data, single cage data showed higher heritability estimates for monthly egg production and egg weight, not only in line A but also in line D. The trend of heritability estimates during the 7 periods of production tended to be the same in single and group cages. Estimates were high in the 1 st period, then lower in the following periods. As expected, egg weights in both periods of measurement were moderately to highly heritable ranging from 0.25 to 0.54. The total egg production in single cages showed higher heritability of 0.32 in line A than those of 0.29 in line D. In group cages, a higher estimate of heritability was also found in line A compared to line D. The genetic correlations between monthly egg production, cumulative production and egg weight in single and group cages are presented in table 3 and table 4 , for line A and line D, respectively. It can be seen that genetic correlation of monthly egg production of each line in single as well as in group cages were high in contiguous periods and these values decreased as the interval between months increased. Most periods were negatively correlated with egg production of the 1 st period. Negative genetic correlations were found between monthly egg production and egg weight, both in single and in group cages. Genetic correlation between monthly egg production in single and group cages Table 5 presents the genetic correlation between monthly egg production in single and group cages. High estimates of genetic correlations were found for 1 
Discussion
The trend of heritability values of monthly egg production in single cages is in basic agreement with previous studies by SAVAS ANANG (2001) . Heritability estimates of monthly egg production in group cages have not been reported. Monthly egg production of the 1 st period showed high estimates of heritability. These results agree with those of SAVAS (1997) and FAIRFULL and GOWE (1990) who suggested that the high heritability for the 1 st period of laying in single cages was influenced by variation in sexual maturity. Heritability estimates for cumulative egg productions in single cages were smaller than those reported by ANANG et al. (2000) , but higher than those obtained by SAVAS (1998) . In group cages, heritability estimates for cumulative productions are in the same range as reported by KUEHNE (1978) . Egg weight in general has proved to be highly heritable as obtained in the present study. The results are in accordance with the findings of POGGENPOEL et al. (1996) and FRANCESCH et al. (1997) for single cages and KUEHNE (1978) for group cages. A lower heritability of 0.22-0.30 for egg weight in White Leghorn was found by CRAIG et al. (1969) . These differences may be due to the use of different methods. CRAIG et al. used a sire model. WEI and VAN DER WERF (1993) and MIELENZ et al. (1994) concluded that heritability estimates using REML method based on an animal model tend to be higher than estimates from classical models. A reason might be the completeness of the pedigrees in an animal model as compared to a sire model. Without considering the complete relationship in the model, the parameter estimation could be biased (PREISINGER and SAVAS, 1997) . The heritability for egg weight seems to be different for the two lines, in which the estimates were higher in line A compared to line D. PREISINGER and SAVAS (1997) reported similar results and suggested that it may reflect the high variation in egg weight of the male line. Compared to group cages, single cages showed higher heritability estimates for monthly egg production and egg weight in both line. KUEHNE (1978) suggested that the difference between those estimates was probably due to the reduced variability in group cages. Monthly egg production of 1 st period in single and group cages showed negative genetic correlation with other periods. SAVAS (1998) reported similar results. In contrast, ANANG et al. (2000) reported positive correlations between first and later periods, which are probably due to the exclusion of hens that laid no egg in the 1 st period from the analyses. Moderate to high genetic correlation were found between monthly egg production and total production in single as well as group cages. The results for single cages were in agreement with the results of GOWE and LENTZ (1973) and SAVAS (1998), but no reports were found for group cages. It was found that genetic correlations between monthly egg production and egg weight were different for the two lines, in single as well as in group cages. The genetic correlations were higher for line A compared to those for line D. SAVAS et al. (1998) reported similar values in the range of -0.30 and -0.19, respectively for the male line and the female line. Between successive periods of measurement of egg weight, very high estimates for genetic correlations were found. Relatively high values were found for the genetic correlation between monthly egg production in single and group cages. KUEHNE (1978) reported a high genetic correlation (0.94) between single and group cages for cumulative egg production of 1 st -6 th period. In the present study, the standard error of genetic correlations ranged from 0.00 to 0.89. The large standard error indicates that the estimates were extremely variable, possibly due to the low heritability values of the traits and the limited number of records used in the estimations. It can be concluded that single cage records give higher estimates of heritabilities and genetic correlations in most periods compared to group cages. However, the trend of genetic parameter of monthly egg productions estimated in group cages is almost the same as those in single cages. By increasing the number of group records in the model, the precision of estimation of genetic correlation between single and group cage should be improved. In addition, advances in the methods and programme package should be very useful in order to obtain more precise and better estimates of genetic parameter of group means.
